Mutating protein kinase cAMP-binding sites into cGMP-binding sites. Mechanism of cGMP selectivity.
The cAMP-dependent protein kinase contains two different cAMP-binding sites referred to as the slow and fast sites. Mutation of Ala-334 to a threonine in the slow site of the bovine type I regulatory subunit created a site with marked increase in cGMP affinity without changing cAMP affinity (Shabb, J. B., Ng. L., Corbin, J. D. (1990) J. Biol. Chem. 265, 16031-16034). The corresponding fast site residue (Ala-210) was changed to a threonine by oligonucleotide-directed mutagenesis, and a double mutant containing a threonine in each site was also made. Holoenzymes were formed from native catalytic subunit and each recombinant regulatory subunit. The fast site mutant holoenzyme exhibited an improved cGMP activation constant and an impaired cAMP activation constant. The double mutant cGMP/cAMP selectivity was 200-fold greater than that of wild-type holoenzyme, making it as responsive to cGMP as native cGMP-dependent protein kinase. The increased intrinsic binding energies of mutated sites for cGMP were 2.7-3.0 kcal mol-1, consistent with the presence of an extra hydrogen bond. Cyclic nucleotide analog studies implied that this hydrogen bond was between the threonine hydroxyl and the 2-amino of cGMP. Comparisons of amino acid sequences and cyclic nucleotide specificities suggested that the Ala/Thr difference may also impart cAMP/cGMP binding selectivity to related proteins such as cyclic nucleotide-gated ion channels.